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THE DEVELOPMENT OF A CURRICULUM MODEL
FOR UNDERGRADUATE EDUCATION OF MANUFACTURING ENGINEERS
Mark Allen Curtis, M.A.
Western Michigan University, 1982

The purpose of this research was to identify course work that
could be used to develop a specific unified undergraduate curriculum
in manufacturing engineering technology, that both satisfies existing
academic constraints and thinking, as well as industry's desire for
a practical, yet highly qualified engineer.
The population surveyed was a combination of educators and
industrial people with a vested interest in manufacturing engineering,
from across the United States. The survey results, rating the relative
importance of ninety seven different courses, were used to develop
a model undergraduate curriculum in manufacturing engineering.
The findings supported the original hypothesis by showing that
such a unified curriculum could be generally agreed upon.
The development of this model curriculum is a starting point,
requiring further refinement based on typical entry level positions
available and the respective work content therein.
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CHAPTER I

INTRODUCTION

As college educators continually develop, change and scrap
whole curricula and portions thereof, rarely has a curriculum
been devised that is all things to all people.
Curriculum development in the area of manufacturing engineering
suffers from acute problems, stemming from disagreements among
industry and academia, and compounded by diverse subject areas and
rapid technological change. With these thoughts in mind, it may
seem altogether futile to try and develop a unified manufacturing
engineering curriculum upon which there is little controversy as
to its correctness.
Heretofore, there has been no concerted effort toward a
unified manufacturing engineering curriculum at the undergraduate
level. With most educators content to operate programs graduating
pure engineering scientists, or at the other end of the spectrum,
engineering technologists, little has been done formally to marry
these two types of programs. This marriage is the nature and the
purpose of this thesis.
The Problem

Is it possible to develop a specific, unified undergraduate
curriculum that can adequately prepare manufacturing engineers

•

1
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Kith the academic and practical knowledge required to act as the
focal point in the reindustrialization of America?
The title, Manufacturing Engineer, has been with us for fifty
plus years, as have similar or related titles such as Tool Engineer,
Production Engineer, Process Engineer and Industrial Engineer.
These various titles point to the existing confusion as to the
specific responsibilities found within the broad discipline of
manufacturing engineering. This initial confusion has been complicated,
of late, by the high-technology explosion within the electronic
controls and computer areas.
The traditional manufacturing engineering functions (i.e. ,
part processing, methods improvements, equipment design and con
struction, product refinement for manufacturing, cost estimating,
etc.) have placed the manufacturing engineer at the very hub of
American industry. The manufacturing engineer must now possess the
knowledge and understanding of all facets of industry and technology;
he or she is no longer merely a tooling specialist. Today, the
engineering discipline of manufacturing is an emerging one, trying
to satisfy the high expectations of Industrial employers, while
keeping abreast of the current technological gains.
In the past, manufacturing engineers were selected from the
most talented of toolmakers and tool designers, a practice that
has had a good rate of success up until the present. However, with
the recent emphasis on a Baccalaureate Degree for all engineering
disciplines, including manufacturing engineering, the responsibility
for training young manufacturing engineers is moving from the
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toolroom to the classroom. With this move, educators must examine
what and how they are teaching within the undergraduate manufacturing
curricula across the nation.

Significance

If the research hypotheses set forth in this thesis are con
firmed by the results of this study, certain implications become
obvious.
First, a specific unified undergraduate curriculum in manu
facturing engineering technology, developed and confirmed through
this study, would tend to cut across the traditional rivalries
of accrediting bodies, industry and academia. This curriculum
could then serve as a working model, a starting point, in lieu
of the possibly technologically outmoded and academically rigid
curricula of today.
Second, the data retrieved may show that industrial employers
expect more from a four year curriculum than is possible from a
time and economic standpoint.
Third, the study may find that the competition for students
during these recent times of declining enrollments is controlling
curriculum content across the nation more so than the need to
do what is right and apparent.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

CHAPTER I I

REVIEW OF SELECTED LITERATURE

In older to develop a specific undergraduate curriculum for
the sole purpose of training manufacturing engineers and technol
ogists, a firm understanding of what this discipline involves is
necessary. One definition (Hopke, 1978, p.95) refers to an engineer
as one who attempts to determine the best methods of converting
natural resourses into goods and services for the benefit of
mankind, by the practical application of scientific principles.
This statement, although correct, tells very little in the way
of specifics that could be used in curriculum development.

In an effort by the Society of Manufacturing Engineers to
eliminate the identity crisis seemingly suffered by many manufactur
ing engineers, the SME board of directors drafted the following
official definition!
Manufacturing engineering is that specialty of professional
engineering which requires such education and experience as
is necessary to understand, apply and control engineering
procedures in manufacturing processes and methods of pro
duction of industrial commodities and products; and requires
the ability to plan the practices of manufacturing, to
research and develop the tools, processes, machines and
equipment, and to integrate the facilities and systems for
producing quality products with optimal expenditures.

(Dallas, 1978, p.6;
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The SME definition is further evidence of the confusion
surrounding this newest of formally identified engineering fields.
In an effort to sound as important and as creditable as possible,
the SME definition lacks the tangible elements of a working defi
nition that is required in curriculum development.
In a recent publication of the United States Department of
labor, the first real insight into the daily activities, respon
sibilities and interactions of the modern manufacturing engineer
is given.
The manufacturing engineer direct and coordinates manufactur
ing processes in industrial plant; Determines space require
ments for various functions and plans or improves production
methods including layout, production flow, tooling and pro
duction equipment, material fabrication, assembly methods
and manpower requirements Communicates with planning and
design staffs concerning product design and tooling to assure
efficient production methods, estimates production times
and determines optimum staffing for production schedules,
applies statistical methods to estimate future manufacturing
requirements and potential, approves or arranges approval
for expenditures, report to management on manufacturing
capacities, production schedules and problems to facilitate
decision making. (U.S. Department of labor, 1980,
p.29)
This definition, although riddled with typographical and
grammatical errors, implies a number of specific courses of study
for a unified manufacturing engineering curriculum that would
be required to train such an engineer. It places the manufacturing
engineer at the very center of industry, operating as a technolo
gist, a practical applicator in many spheres of knowledge, but
not an engineering scientist.
In a dissertation, Carr (1980), discusses the status of
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engineering technology in the United States as of 1979* This
research referenced the confusion that still exists among
employers, students, parents, and educators alike with respect
to course work, employment potential, and promotability. To
this day, when an employer hires an engineering technology
graduate, he or she often has little real understanding of the
new employee's college course content, existing abilities or
potentials.

In addition to the aforementioned problems, the environment
in which the manufacturing engineer operates is in a constant
state of technological change (Dallas, Note l). The most note
worthy technological changes have occurred in the computer
oriented accomplishments of the past fifteen years.
In a special study commissioned by the American Society
of Tool and Manufacturing Engineers (little, Note 2 ), the
four year college degree is cited as all but the universal
prerequesite to employment as an entry level manufacturing
engineer. The college graduate's richer and broader background
is seen as making him or her more versatile, adaptable and
receptive to new ideas and assignments, both of a technical
and managerial nature.
With the demands of industry for college graduates in filling
entry level manufacturing engineering positions, one might think
that there would be some degree of continuity among undergraduate
engineering technology curricula. Hecent research (levine, 1978)
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claims, however, that no such continuity exists among undergrad
uate manufacturing engineering curricula. In addition, Levine's
study shows that the Baccalaureate Degree is awarded nationally
with an average of 123 semester credit hours or 185 quarter hours,
of which one third of each must be general studies (i.e., English,
Humanities, Behavioral Science, Natural Science, etc.). If these
general studies hours are subtracted from the typical four year
program, the resulting totals are 82 semester hours and 123
quarter hours respectively. Furthermore, most college courses
average three credit hours, which equates to 27 courses in the
semester hour system and 41 courses in the quarter hour system
that are available for a technical major and the necessary
related technical courses.
Historically, the courses selected to make up the technical
portion of a manufacturing engineering undergraduate education
have been the major arguing point for educators, industrial people
and students (Dallas, Note 3)* There are two basic schools of
thought on this subject. The first school of thought advocates
teaching only those subjects that will not become obsolete over
night through technical advances, (i.e. math, science, physics, etc.
(U.S. Department of Labor, 1966)} the second school advocates
teaching those subjects that will allow the manufacturing engineer
to enter the work force knowing his field and not having to learn
it on the job (Mallonee, 1979J •
Another study (Hwang,1980) compares the relationship between
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an engineer's college education and his or her work in industry.
This study outlined five major areas of discontinuity!
(a) discontinuity between the science based training received in
college and industrial demands for the use of specialized engineer
ing technology, (b) discontinuity between the discipline centered
college work and the task center division of labor in industry,
(c) discontinuity between the theory and research oriented
college level training and the demands of practicality and
applicability in industry, (d) discontinuity between professional
values cultivated in engineering colleges and the business related
values of industry, and (e) discontinuity that exists because
the rapid thechnological growth of the last several years has
rendered much of the older engineer's technical knowledge obsolete.
Another, somewhat restrictive and rigid, voice comes from
professional licensing and accrediting associations which have
been cited (Levine, 1978) as fostering sometimes needless con
formity at the expense of necessary and relevant curriculum
changes.
In a guide for manufacturing engineering visitors on the
Engineer's Council for Professional Development Accreditation
Teams (SME, Note 4), the need for flexibility and experimentation
in manufacturing engineering curricula is called essential,
however, the guide goes on to lay out what is called a basic
level program which dictates that over half of the technical block
of undergraduate hours be specific math, science and engineering
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science courses.
When developing a manufacturing engineering curriculum, co
operative work experience as a part of the program is another
area of consideration and controversy. A recent study on the
subject of engineering graduates from cooperative programs vs.
those from non-cooperative programs (Epting, 1980), shows no
significant difference in each group's ability to perfoxm on the
job or in the graduate's satisfaction with his or her job.
Another curriculum consideration is the concept of the
"two plus two" manufacturing engineering program vs. the contin
uous four year program. A study (Ferketich, 1980) comparing
the employment and related characteristics of the graduates of
such programs indicated no major significant differences between
the two groups.
In addition to disagreements on course work and curriculum
structures that best suit the development of well trained manu
facturing engineers, there are several other problems that stand
in the way of creating a good unified undergraduate curriculum
in manufacturing engineering.
Recruiting and maintaining a qualified and updated faculty
in the area of manufacturing engineering are major problems.
In an important study (levy, Davis, Newman, Note 5), "the economic
crunch being felt by most colleges is seen as forcing larger class
loads on professors, thus limiting the time available for reading,
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updating and program development. Another study (Pontius, 1981J,
shows many industrial educators leaving the field because of the
relatively low wages they received while teaching. Other reasons
for the emerging faculty skill deficiency problems cited (U.S.
Department of labor, 19&6) are due to many technological changes
coupled with the detcrioation of knowledge not used on the job
while engaged in teaching duties. Yet another reason for the lack
of qualified faculty members (McPherson, 1979) is the fact that
B.S. Degree graduates are in very high demand in the area of
manufacturing engineering and are taking high paying jos in industry,
with few returning to graduate school or seeking employment in
education.
The remedial level at which many high school graduates enter
engineering programs also handicaps movement toward a strict
curriculum (Department of Education, 1980). Colleges are businesses,
after all, and must seek to attract customers like other businesses.
Students often are unwilling to do the remedial work that is re
quired to enter an engineering program with the proper skills,
abilities and competencies.
Movement toward a specific unified undergraduate curriculum
in manufacturing engineering may conflict directly with the
business goals of the institution and any cooperation between
colleges along these lines may damage one college's ability to
attract students over another (Stauffer, 1981).
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CHAPTER I I I

DESIGN AND METHODOLOGY

Two populations will come under study, in this paper, in an
effort to prove or disprove the research hypotheses and to form
ulate an answer to the research problem.
Population number one is comprised of the program directors
in charge of seventy one Manufacturing Engineering and fifty
Manufacturing Engineering Technology four year undergraduate
Baccalaureate Degree programs in the United States. A standard
sampling plan will not be implemented on this population due to
its relatively small size. An attempt will be made to contact
each member of this first target population.
Population number two is 11,600 industrial people, all of
idiom have purchased books and materials from the Society of
Manufacturing Engineers on the latest in technology within the
manufacturing field. This population was selected because of its
diversity of industrial background and because of the demonstrated
interest, on the part of its members, in the understanding and
implementation of advanced technology in the area of manufacturing.
A stratified random sample of 240 was taken. The number 240 was
selected for two reasons. First, it was determined that approxi
mately 100 returns would be required to make valid conclusions
drawn from the returns. Less than this would make the statistical

11
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reliability questionable. Second, the mailing list that was avail
able consisted of 2^0 pages of names in zip code order, from
which, the bottom right hand name from each page was selected.
The research tool selected for this study is that of the
written questionnaire. The basic theme of the questionnaire was
to solicit a complete list of all course work that each respon
dent felt should be included in a manufacturing engineering
program at the undergraduate level.
The development of an introductory letter explaining the basic
questions under study and the rating scale, and the development
of the attached questionnaire, were the first step of the design (see
Appendix B). The names and addresses of the manufacturing engineer
ing program directors were taken from the Directory of Colleges.
Universities and Technical Institutions with Manufacturing Programs.
Society of Manufacturing Engineers, Education Department, Dearborn,
Michigan, 1982. The randomly selected names and addresses from the
second population were taken from a list published by the Society
of Manufacturing Engineers in May of 1982.
With a complete listing of addresses for each member in the
two target populations, the cover letter and finalized questionnaire
were sent to each selected population member. After a period of
one month, those not responding were considered as non-respondents
and were tabulated as such.
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Data Collection and Analysis

Each questionnaire lists 97 different courses that, tradition
ally, have been found in manufacturing, industrial, and other
related engineering curricula. For each course listed, potential
respondents were asked to rate the importance of each course by
rating the course 5>

3> 2, or 1, with 5 the highest possible

rating and 1 the lowest. All questionnaires that were returned
within the one month waiting period were logged in as either from
industry or education. Then, the rating given to each course was
tallied by rating number and then totaled. The total listed under
the rating was multiplied by that rating to equal a point value
(i.e., if 2? respondents gave a course rating of 5» 27 was multi
plied by 5, and the same for each other rating). These rating
points were then totaled and then divided by the total possible
rating points each course could have accumulated. The resulting
percentage was then analyzed for its standard error. The standard
error was then doubled and subtracted from the rating percentage
to give the lowest possible rating that could be expected in
terms of a reliability at a 95$ confidence level. This procedure
was followed for each course three timess first for educators;
second, for industry; and third, for the two in combination.
The lowest possible combined rating was then used to analyze the
importance of each course as compared to every other course.
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The courses with the highest ratings were used to build the model
curriculum outlined in the recommendations of this thesis. It
should be noted that some combined ratings are higher than the
two corresponding individual population ratings (see Tables 1-15;•
This is possible because the combined ratings have a higher statis
tical reliability, therefore a smaller standard error.

The Hypotheses

Hypothesis^ (l)
A specific unified undergraduate curriculum in manufacturing
engineering technology can be developed to satisfy existing academic
constraints and thinking, as well as industry's desire for a
practical, yet highly qualified engineer.

Hypothesis^ (.2)

.

An educational delivery system based on the quarter hour
is required for manufacturing engineering curricula, in order
to provide enough individual courses to address all the subjects
recommended by educators and industry.

Hypothesis^ (3)
Without the threat of competition for students as a variable,
there will be a high level of agreement among educators on the
subjects that should be taught in manufacturing engineering
technology curricula at the undergraduate level.
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External Validity

External validity, the generalizability or representative
ness of the findings must be considered through two additional
terms:
1. Population validity, asks if the research findings can
be generalized from the experimental group of subjects, to a
much larger population, let us again examine the target populations
and sampling plans to be employed in this study:
A. Population number one, program directors, is to be
surveyed in its entirety, thus population validity
is confirmed.
B. Population number two, those people who have industrial
experience and interest in manufacturing engineering,
is the experimentally accessable population. The target
population is then randomly selected from the experi
mentally accessable population, thus population validity
is confirmed.
2. Ecological validity refers to the ability of the researcher to
expect that the same findings will be obtained under other experi
mental environmental conditions.
The anonymity of the respondents,within the context of the
research findings, will hopefully encourage truthful responses,
not influenced by school affiliations, industrial ties, etc.
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The questionnaire will be complex enough to negate any in
fluence of the "Hawthorne Effect".

Simply stated., the "Hawthone

Effect" takes place when the individuals under study answer
questions in the manner that they feel the researcher wants them
to, rather than expressing their true feelings.
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CHAPTER IV

THE FINDINGS

The survey instrument employed in this study was broken into
fifteen major discipline areas for the purpose of rating the rela
tive importance of courses within each discipline (see Appendix Bj.
The survey results will be catagorically and alphabetically
explained, first, by target population and then, in combination,
with areas of agreement and disagreement being highlighted. A
statement of individual course importance within a category, as well
as relative overall importance of the area will be made. This
portion of the thesis is reserved for the reporting of facts b o m out
of the survey returns, with no attempt being made to judge or
draw conclusions about said results. For specific rating percentages
and the interpretation of the same, see Tables 1-15 in "this
section of the paper.
Originally, 240 and 120 questionnaires were sent out to industry
and educators respectively, in anticipation of a lower rate of
returns from industry. The final return rate for both populations
was kOfo, making the results of this study slightly biased toward
the thinking of the industrial respondent. See Appendix A for
specific survey and response data in summary form.

17
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1. Findings (Business Area)
Respondents from education and industry agree that course work
in Principles of Economics and Industrial Management should be
included in a manufacturing engineering curriculum (see Table l).
There is also an agreement that course work in most of the other
business areas is non-essential. One course, Fundamentals of
Supervision, was thought to be important by industry, but not
by educators, however, the overall rating was not high enough to
include the course in the model curriculum. The overall importance
of this area rated poorly against all other areas.

Table 1
Bussiness Course Rating Summary

Course
____

Educator
Ratine

Industrial
Combined
Rating______ Rating

Principles of Economics (2 courses)

57.6

60.1

62.2

Industrial Management

60.8

62.4

64.8

Fundamentals of Supervision

48.6

58.1

58.0

Energy Management

33-9

44.1

43.9

Purchasing

35.5

45.7

45*6

Business Forecasting

31.1

37.1

38.3

International Business Systems

21.1

26.7

27.9
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2 , Findings (Communications Area)
Both educator and industrial respondents agree on the high
importance of an engineer's ability to speak well publicly. Industry
also felt that the ability to conduct group discussions and resolve
verbal conflicts was very important, whereas educators saw it as
unnecessary (see Table 2 ) .

Table 2
Communications Course Bating Summary
Course
______________________

Educator

Industrial
Combined
Bating_Bating Bating

67.1

5 1 >1

63.0

Group Discussion Procedures

h i .1

59.7

58.8

Conflict Communication and Besolution

36.3

61.9

56*3

Fundamentals of Public Speaking

3. Findings (Data Processing Aera)
An Introduction to Data Processing course including "Basic"
and Fortran programming was found to be important to educators.
Industrial respondents also felt that these subjects were important,
but, to a much lesser degree. Neither population felt the more
advanced program languages were necessary (see Table 3).

Table 3
Data Processing Course Bating Summary
Course
_______________________
Introduction to Data Processing

Educator

57*6

Industrial
Combined
BatingBating Bating
62.8

64.0
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Table 3 continued
Introduction to Systems

56.7

5^.6

58.3

"Basic" Programming

62.2

53-0

59.6

Fortran Programming

58.9

44.5

52.3

Cobol Programming

29.1

32.0

34.3

PL/l Programming

32.3

34.0

36.7

RPG II Programming and Systems

25.6

31.2

32.5

Assembler Language Programming

28.7

33*2

31.2

Data Base Concepts and Facilities

47.3

48.1

51.0

Systems Analysis

51.3

48.3

52.4

4. Findings (Drafting Area)
Respondents from both populations indicated an overall importance
of this entire discipline with Blueprint Reading, Basic Drafting,
Geometric Dimensioning and Tolerancing, and Computer Aided Design
rating the highest. A total command of this area is indicated as a
requirement by the survey results (see Table 4).

Table 4
Drafting Course Rating Summary
Course
__________________

.-Educator

Industrial
Combined
Rating•Rating■Rating

Blueprint Reading

68.0

78.7

77*6

Basic Drafting (Engineering Graphics)

71-6

75*9

76.9

Industrial Drafting Standards

52.2

65.1

63.7

Descriptive Geometry

55*3

86.3

65.5
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Table 4 continued
Technical Illustration

37.6

51.5

50.0

Tool Design

63.7

66.2

68.2

Die Design

60.8

59-3

62.1

Machine Design

59.9

63.7

65.8

Geometric Dimensions and Tolerances

67.6

70.7

72.3

Computer Aided Design (CAD)

79.5

63.3

70.9

Industrial Structures

36.3

43.5

44.3

Design Analysis

56.7

61.3

62.7

5. Findings (Electronics Area)
Three courses, Basic Electronics, Elements of Electric Machinery,
and Process Control and Computer Interfacing surfaced as essential
elements in a manufacturing engineering curriculum according to the
data received (see Table 5)* It appears that the emerging field of
process control has not entered the mainstream of work content for
practicing manufacturing engineers.

Table 5
Electronics Course Bating Summary
Course
___________________

Educator

Industrial
Combined
Rating_Rating __ Rating

Industrial Power Applications

46.0

51.9

53.2

Elements of Electric Machinery

64.1

64.5

64.3

Electrical and Electric Machinery

53.5

55,7

58.0

Basic Electronics

59.9

62.6

68.9
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Table 5 continued
Elements of Electronic Instrumentation 55*7

52.6

56.7

Process Control & Computer Interfacing

52.6

6l.4

71.1

6. Findings (Engineering)
All of the traditional mechanical engineering subjects were
given high ratings by both populations under study (see Table 6)
These courses are seen as the general studies of all engineering
curricula.

Table 6
Engineering Sciences Course Rating Summary
Course
___________

___________

Educator
Industrial
Rating Rating

Combined
Rating

Static and Strength of Materials

74.1

75.2

77.3

Fluid Mechanics

60.4

65.8

66.9

Kinematics

64.2

64.2

67.0

Thermodynamics

53.5

59.5

60.5

Material Science

73.6

67.4

71.9

7. Findings (General Studies)
Both populations rated this area low, knowing full well the
requirements of all degreed programs must include 25-35% of such
course work (see Table ?)•
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Table ?
General Studies Course Rating Summary
Course

Educator
Rating

Industrial
Rating

Combined
Rating

Humanities

53-9

46.8

52.3

Social Sciences

50.4

50.3

53.5

Natural Sciences

56.7

47.5

53.6

Physical Education

z k .5

32.6

33.1

8. Findings (industrial Engineering)
This entire discipline Has found, through the survey results
(see Table 8), to be required as part of any specific curriculum
to train manufacturing engineers. The course, Engineering Economics,
was rated significantly higher by educators than by industry. Had
this course been titled Equipment Justification, it is likely that
industrial respondents would have rated it higher, as that area
of engineering economics is more widely recognized in industry.

Table 8
Industrial Engineering Course Rating Summary
Course
____________________

Educator

Industrial
Combined
Rating_RatingRating

Motion and Time Study

61.3

62.8

65.2

Facilities Design (Plant Layout)

64.6

62.8

66.3

Engineering Economics

78.4

69.8

74.9

Statistical Quality Control

75.2

66.7

.71.9

Quality Assurance

67.6

63.3

67.5

Ergonomics (Human Working Conditions) 54.8

60.4

61.5
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9. Findings (Manufacturing Engineering)
This discipline (see Table 9) takes in many diverse subjects,
all of which were agreed to as being important, except the area
of computer aided manufacturing and computer applications, which
industry rated substantially lower than educators. Because of current
trends, Computer Aided Manufacturing was coupled with Group Technology
and placed in the model as well as Computer Applications.

Table 9
Manufacturing Engineering Course Rating Summary
Course
___________________

Educator

Industrial
Combined
RatingRating_Rating

Manufacturing Processes (3 courses)

88.9

88.6

90.2

Process Planning

74.1

78.9

79.6

Cost Estimating

76.8

71.6

75.7

Automation and Systems Design

76.8

69.2

74.1

Production Control

71.1

57.7

64.8

Metrology (Gaging)

61.8

54.4

59.8

Manufacturing Management

58.5

57.9

61.1

Robotics

72.1

63.7

69.I

Computer Applications

85.2

68.3

75-9

55.3

57.0

59.8

Computer Aided Manufacturing (CAM)

80.0

63.9

71.5

Work Experience (Co-op)

53-5

72.6

68.2

Group Technology
r
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10. Findings (Math)

-

The combined survey results were extremely high for courses
from Fundamentals of Mathematics through Calculus and Linear
Algebra. Both survey populations felt that basic math and algebra
should be high school subjects or remedial college subjects.

Courses up through Linear Algebra rated high enough to warrant inclu
sion in the model curriculum (see Table 10;.

Table 10
Math Course Bating Summary
Course

Educator
_________________

Industrial Combined
RatingBatingRating

Fundamentals of Mathematics

75.2

86.2

84.5

Fundamentals of Algebra

76.8

85.I

84.4

Introduction to the Metric System

58.9

68.3

71.1

Numerical Trigonometry

74.7

75.7

77.7

Advanced Algebra and Analytical Trig.

75-7

75.7

77.7

Analytic Geometry &Calculus(4 courses)

75.7

69.0

73.7

Linear Algebra

55.8

60.8

62.1

Differential Equations

53.9

54.6

57.5

Mathematic Modeling

49.1

54.8

56.0

Advanced Calculus

35.1

44.9

44.9
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11. Findings (Metallurgy)
Two courses, Introduction to Physical Metallurgy and Materials
Testing and Heat Treatment, received high ratings from both
populations. The more advanced phases of this subject area were
not viewed as essential (see Table 11).

Table 11
Metallurgy Course Rating Summary
Course
__________________

Educator

Industrial
Combined
RatingRating_Rating

Introduction to Physical Metallurgy

69.6

70.9

73.1

Materials Testing and Heat Treatment

74.?

68.6

73-1

Metallography

50.4

52.9

55.2

Non-Destructive Testing

55.8

55-3

58.5

>7.7

56.6

56.7

Failure Analysis

12. Findings (Safety)
Only one basic course, Occupational Safety and Accident
Prevention, was recommended by a combined rating percentage of
both servey populations. Neither group felt that the course work
in the rest of this area was important (see Table 12).

Table 12
Safety Course Rating Summary
Course
_____________________
Occupational Safety

Educator
65.1

Industrial
Combined
Rating_RatingRating
60.6

6^.8
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Table 12 continued
laws and Regulation

50.4

49.2

52.7

Vibration and Noise Control

47.3

45.4

49.2

Toxicology

38.8

43.9

45.4

The Management of Occupational Safety

38.8

39.5

42.5

13. Findings (Science)
There was strong agreement in the ratings of this discipline,
with both populations viewing knowledge in this area as basic to
further engineering studies. The ratings for the course, Chemistry
of Plastics, seems to indicate that this course is thought of as
a product engineering subject (see Table 13).

Table 13
Science Course Rating Summary
Course

Educator
Ratine

Industrial
Ratine

Combined
Ratine

Physics (3 courses)

75.2

76.5

78.4

Statics

72.1

68.8

72.5

Dynamics

70.6

67.2

70.9

Chemistry (3 courses)

53-4

62.6

62.6

Chemistry of Plastics

46.4

53.3

54.2
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14. Findings (Technical Related)
The courses rated high in this area are Machine Shop and
Principles of Fluid Power. Again, the area of plastics is rated
low (see Table 14). With the high degree of plastic component
usage today, this subject area should become increasingly impor
tant in the near future.

Table 14
Technical Related Course Rating Summary
Course
__________________

Educator

Industrial
Combined
RatingRating_Rating

Machine Shop

68.1

7^*0

?4.6

Principles of Fluid Power

59 >5

60.6

63.2

Introduction to Plastic Technology

5^.8

55 •2

58.2

15- Findings (Writing)
There was strong support for this area by both populations.
All of the courses were recommended strongly enough to be included
in the model. There is a possibility that Research Paper Writing
could be combined with Technical Report Writing if there is a
need to make room within the curriculum for new course work (see
Table 15).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

29

Table 15
Writing Course Bating Summary
Course

Educator
Ratine

Industrial
Ratine

Combined
Ratine

Basic Grammar

76.2

84. 0

83.5

Technical fieport Writing

89.6

84.8

87.9

Research Paper Writing

59.9

57-9

61.5
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CHAPTER V

THE CONCLUSIONS
A restating of the original three hypotheses with individual

conclusions drawn about each is essential, at this point. This
segment of the paper will set the stage for final remarks and
recommendations.
Hypothesis number one stated that a specific unified under
graduate curriculum in manufacturing engineering technology
could be developed to satisfy existing acedemic constraints and
thinking, as well as industry's desire for a practical yet highly
qualified engineer. The survey results, when tabulated (see Tables
1-15) indicate a series of courses that could be built into a
single four year curriculum. This model curriculum may be seen
1

as part of the recommendations resulting from this thesis and
should be allowed to serve as basic confirmation of this first
hypothesis.
Hypothesis number two stated that sin educational delivery
system based on the quarter hour is required for manufacturing
engineering curricula in order to provide enough individual
courses to address all the subjects recommended by educators and
industrial personnel. Although the model curriculum developed
through this thesis is in quarter hours, many related subjects
had to be combined to adhere to the available space. This fact
30
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precludes any idea that quarter hours are more suitable to
engineering programs than semester hours. In this context, the
second hypothesis must be rejected. It should be noted, however,
that as more diverse subjects begin to be grouped into single
courses of study, the system of prerequisites, as well as course
sequencing, will become more rigid.
Hypothesis number three stated that without the threat of
competition for students as a variable, there would be a high level
of agreement betweeneducators on the subjects that should be
taught in manufacturing engineering technology curricula at the
undergraduate level. The rating percentages shown in Tables 1-15
show many majority opinions that seem to confirm the third
hypothesis. In actuality, there was very little in the way of
true agreement between any one completed educator's questionnaire
and any other one.
It was originally intended that returned questionnaires
would be anonymous. Anonymity was not the case, however, as most
educators enclosed their name and address so they could receive
a summary abstract of this research. It is, then, a possibility
that the educators felt a need to parrot their own program content
irrespective of their own personal feelings on the subject of
curriculum content.
The third hypothesis must be rejected on the above basis.
It would appear that the more diverse the approach to manufacturing
engineering curricula, the more diverse our opportunities for
real technological growth.
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To understand the complexities of manufacturing engineering
curriculum development, a closer look must be taken at the
subject areas that the educators and the industrial people dis
agreed on.
First, in the areas of supervision and communication, the
industrial respondents, as a whole, rated the subjects substantially
higher than did the educators. This would lead one to believe
that today's engineer is a supervisor and communicator of designs,
programs, projects and people and is not the introverted quasi
scientist stereotyped in the past.
Another area that saw a major difference of opinion between
educators and industrial respondents was computers. From program
ming, to CAD/CJAM, to process control and computer interfacing,
the educators consistently indicated a much higher level of
importance in this area than did industry. The reasons for this
disagreement could be manyfold. Industry's lack of exposure to
the capabilities of such devices, coupled with their resistance
to change, may have influenced the ratings. In addition, educators
pride themselves in staying abreast of new technology and its
potentials for implementation in industry, which also may account
for higher ratings than might otherwise have been expected.
Up to this point, this thesis has sought to discredit the
existing school of thought which states that there is and should
be a difference between manufacturing engineering curricula
and manufacturing engineering technology curricula. The thinking
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was that a marriage of the traditional "engineer" and the practi
cal "technologist" would create the best of both worlds. This
still may be true for the vast majority of entry level positions
in manufacturing engineering, but there were some other points
of view submitted by many of the survey respondents.
One idea is that certain subjects such as manufacturing
management and engineering economics be left to graduate studies.
Another idea is to make a Baccalaureate Dregree in Manufacturing
Engineering span five full time years of study, as is the case
of many of the allied health fields. With the rising cost of
education and the relatively high pay received by the four year
degree graduates, these ideas seem less than promising.
The questions entertained in this thesis will not soon
dissolve. Those in charge of engineering education must move
ahead with further curriculum refinement and experimentation.
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THE RECOMMENDATIONS

Through the course rating percentages generated via the returned
survey questionnaire, a model curriculum for a Baccalaureate Degree
in Manufacturing Engineering has been developed (.see pages 42-45).
Courses were built into the model curriculum as space would permit,
with a 60% rating factor as the approximate cut off point. This
method of curriculum building coincides with the information sent
out in the survey cover letter (see Appendix B) and the overall
course rating interpretation (see page 4l).
This "model curriculum" can be used as a yardstick by those
who desire to develop undergraduate programs in this subject area;
it is not to say that it is the only curriculum that can properly
train undergraduate manufacturing engineers. In addition, this
model curriculum is a middle of the road approach, leaving little
room within to build specific in depth strengths (i.e., Computer
Aided Manufacturing as a specialty;. Educators wishing to move
their programs toward certain localized needs should and must
deviate from this curriculum.
This thesis has presented a clear identification of those
specific courses that educators and industrial people, alike,
have agreed upon as essential in undergraduate manufacturing
engineering education. This course identification is fine as
a start, but it leaves two very important questions unanswered.
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First, although the areas of knowledge that the manufacturing
engineer should posses have been identified, this study did little
in the way of assigning specific levels of importance to each
bit of knowledge. To answer this, another study could be made
surveying practicing manufacturing engineers, asking them to
spell out the actual percentage of time they spend on each of the
many traditional and non-traditional functions. The results of this
second survey could then be used as valid rationale to expand
or shrink the number of hours allowed to treat individual subjects
identified in this paper.
The second unanswered question relates to the number of entry
level manufacturing engineering openings that surface each year.
Of these entry level industrial openings, it must be asked, what
percent is best suited for the practical engineering technologist
and what percent is best suited for the engineer as a researcher,
inventor and scientist? A survey instrument developed to answer
this second question would have a major impact on any further
curriculum development in this field.
It seems mandatory, at this time, that these additional studies
be made and their results be allowed to have an effect on the
traditional arguments that concern manufacturing engineering
curriculum content.
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Course Rating Interpretation

2C$>

to

bOfo

- No importance

to

60%

- Nice but not essential

(Does not belong in curriculum)

(Courses scoring 6($> or more

should be included before any in this category;

6 0 to

80$

% to

- Should possess knowledge in this area

- High importance, leaning toward having full competence

in this area

(All courses scoring in this range will

be included in the curriculum)

£

to 10(f/°

- Must possess competency (All courses scoring in this

range will be given top priority in developing
curriculum and graduates must be fully competent)
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Model Curriculum
Baccalaureate Degree
in
Manufacturing Engineering
lear #1
Fall Term
Course Description

Credits

1. Basic Grammar

3 *

2 . Humanities Elective

3 *

3. Social Science Elective

3 *

b . Introduction to the MetricSystem

3 *

5. Basic Drafting / IndustrialStandards

3

Winter Term
Course Description

Credits

1. Chemistry

3 *

2 . Technical Report Writing

3 *

3- Numerical Trigonometry

3*

k . Introduction to Physical Metallurgy

3

5. Machine Shop

3
Spring Term

Course Description

Credits

1. Introduction to Data Processing

3*

2 . Fundamentals of Public Speaking

3*

3. Principles of Fluid Power

3

4. Advanced Algebra and Analytical Trigonometry

3

5. Basic Electronics

3

*General Studies
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Model Curriculum
Baccalaureate Degree
in
Manufacturing Engineering
Year #2
Fall Term
Course Description

Credits

1. Principles of Economics

3*

2 . Analytic Geometry and Calculus
3. Humanities Elective

3
3*

^•.Statics and Strength of Materials

3

5. Descriptive Geometry

3
Winter Term

1. Principles of Economics

3*

2 . Analytic Geometry and Calculus
3. Social Science Elective

3
3*

Materials Testing and Heat Treatment
5. Tool and Die Design

3
3

Spring Term
1. "Basic"Programming

3*

2. Physics

3*

3. Linear Algebra

3

4. Elements of Electric Machinery

3

5. Machine Design

3
Summer Term

1. Co-op (Work Experience)

3

* General Studies
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Model Curriculum
Baccalaureate Degree
in
Manufacturing Engineering
Year #3
Fall Term
Course Description

Credits

1. Humanities Elective

3*

2 . Social Science Elective

3*

3. Motion and Time Study

3

4. Cost Estimating

3

5. Manufacturing Processes

3
Winter Term

1. Humanities Elective

3*

2 . Social Science Elective

3*

3. Robotics

3

4. Automation and Systems Design

3

5. Manufacturing Processes

3
Spring Term

1. Approved Elective

3*

2 . Production Control

3

3 . Metrology / Geometric Tolerancing

3

4. Process Planning / ToleranceControl

3

5. Manufacturing Processes

3
Summer Term

1. Co-op (Work Experience;

3

* General Studies
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Model Curriculum
Baccalaureate Degree
in
Manufacturing Engineering
Year #4
Fall Term
Course Description

Credits

1. Approved Elective

3*

2. Occupational Safety and AccidentPrevention

3

3. Statistical Quality Control

3

4. Engineering Economics

3

5• Plant Layout / Ergonomics

3
Winter Term

1. Approved Elective

3*

2. Thermodynamics

3

3* Quality Assurance

3

4.

Process Control and ComputerInterfacing

3

5.

Computer Aided Design / Analysis

3

Spring Term
1. Research Paper Writing

3

2.

Manufacturing Management

3

3*

Computer Aided Manufacturing/ GroupTechnology

3

4,

Computer Application

3

5 . Approved Elective

3*

Grand Total

186 Term
Hours

* General Studies
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Appendix A
Survey Mailing
and
Response Summary
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Survey Mailing
and
Response Summary

Total Questionnaires Mailed

.............. ................. 360

Population Breakdown:
A. Questionnaires Mailed to Educators

....

120

B. Questionnaires Mailed to Industry

..........

240

Total Questionnaires Returned.......

146

Population Breakdown:
A. Questionnaires Returned from Educators .....

49

B. Questionnaires Returned from Industry.....

9?

Total Response Percentage...... . 40 .55%
Total Non- Respondents

........

206

Improper Address, Moved, Etc. ..........

8
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Appendix B
Survey Instrument
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Mark A. Curtis
Assistant Professor
Manufacturing Engineering
Technology
Ferris State College
Big Rapids, Michigan 4930?

ipg

Dear Colleague,
In an effort to determine the specific undergraduate course work
required to prepare today's manufacturing engineer for his or her
place in industry, the attached survey instrument has been developed.
Please take a few minutes from your busy schedule and complete the
enclosed questionnaire. As one of four hundred engineers, educators
and managers contacted, your response is very important if the
results of this survey are to be statistically creditable.
From the responses received, a specific undergraduate curriculum
in manufacturing engineering will be developed to serve as a working
model in the updating of curricula in this subject area. A synopsis
of this study, along with the developed curriculum will be sent to
each respondent upon request.
The questionnaire has fifteen major subject areas listed with
specific courses shown below each major heading. Circle one number
adjacent to each specific course, designating its relative importance
in the preparation of graduate manufacturing engineers.
The numbers will be interpreted as follows!
5 - Highest importance, graduate must possess this competency
4 - Very important
3 - Important, graduate should possess knowledge in this area
2 - Nice, but not essential
1 - Of little or no importance
Please note the self addressed, stamped envelope for the return
of the completed questionnaire. Thank you for your cooperation in
this important study.
Sincerely yours,
Mark A. Curtis
Assistant Professor
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SURVEY
MANUFACTURING ENGINEERING UNDERGRADUATE COURSE WORK
Circle the number that represents the relative importance of each course.

High

Importance
Low

BUSINESS
1. Principles of Economics ( 2 courses)
2. Industrial Management
3. Fundamentals of Supervision
4. Energy Management
5. Purchasing
6. Business Forecasting
?. International Business Systems

5 4 3 2 1
5 4 3 2 1
5 4 3 2 1
5 4 3 2 1
5 4
3 2 1
5 4 3 2 1
5 4 3 2 1

COMMUNICATIONS
1. Fundamentals of Public Speaking
2. Group Discussion Procedures
3 . Conflict Communication and Resolution

5 4
3 2 1
5 4 3 2 1
5 4 3 2 1

DATA PROCESSING
1. Introduction to Data Processing
2. Introduction to Systems
3. "Basic" Programming
4. Fortran Programming
5. Cobol Programming
6. Pl/l Programming
7 . RPG II Programming and Systems
8. Assembler Language Programming
9. Data Base Concepts and Facilities
10. Systems Analysis

5
5
5
5
5
5
5
5
5
5

4 3 2
4 3 2
4 3
4 3
4 3 2
^ 3 2
^ 3
4 3
4 3 2
4 3

DRAFTING
1. Blueprint Reading
2. Basic Drafting (Engineering Graphics)
3. Industrial Drafting Standards
4. Descriptive Geometry
5. Technical Illustration
6. Tool Design
7. Die Design
8. Machine Design
9. Geometric Dimensioning and Tolerancing
10. Computer Aided Design (CAD)
11. Industrial Structures
12. Design Analysis

5
5
5
5
5
5
5
5
5
5
5
5

4 3
2 1
4 3 2 1
4 3 2 1
4 3 2 1
4 3 2 1
4 3 2 1
4 3 2 1
4 3 2 1
4 3 2 1
^ 3 2 1
^ 3 2 1
4 3 2 1

1
1
2
2
1
1
2
2
1
2
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Importance
High

Low

ELECTRONICS
1. Industrial Power Applications
2. Elements of Electric Machinery
3. Electrical and Electric Machinery
4. Basic Electronics
5• Elements of Electronic Instrumentation
6. Process Control and Computer Interfacing

5
5
5
5
5
5

43
43
43
43
43
43

ENGINEERING SCIENCES
1. Statics and Strength of Materials
2. Fluid Mechanics
3. Kinematics
4. Thermodynamics
5« Material Science

5
5
5
5
5

4
4
4
4
4

GENERAL STUDIES
1. Humanities
2. Social Sciences
3. Natural Sciences
4. Physical Education

5
5
5
5

INDUSTRIAL ENGINEERING
1. Motion and Time Study
2. Facilities Design (Plant layout)
3 . Engineering Economics
4. Statistical Quality Control
5. Quality Assurance
6. Ergonomics (Human Working Conditions)

5
43 2
5
43 2
5
43 2
5 4 3 2
5
43 2
5 4 3 2 1

1
1
1
1
1

5 4 3 2

1

MANUFACTURING ENGINEERING
1. Manufacturing Processes (3 courses)
2. Process Planning
3. Cost Estimating
4. Automation and Systems Design
5. Production Control
6. Metrology (Gaging)
7. Manufacturing Management
8. Robotics
9. Computer Applications
10. Group Technology
11. Computer Aided Manufacturing (CAM)
12. Work Experience (Co-op)

4
4
4
4

3
3
3
3
3

2
2
2
2
2
2

1
1
1
1
1
1

2
2
2
2
2

1
1
1
1
1

3 2
1
3
2 1
3
2 1
3
2 1

5 4 3 2 1
5 4 3 2 1
5 4 3 2 1

5 4 3 2
5.4

3 2

1
1

5 4 3 2 1
5 4 3 2 1
5 4 3 2 1
5 4 3 2
1
5 4 3 2 1
5 4 3 2 1
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Mortance ^
MATH
1. Fundamentals of Mathematics
2, Fundamentals of Algebra
3* Introduction to the Metric System
4. Numerical Trigonometry
5 • Advanced Algebra and Analytical Trigonometry
6. Analytic Geometry and Calculus (4 courses)
7. Linear Algebra
8. Differential Equations
9. Mathematic Modeling
10.Advanced Calculus

5
4 3 2
5
4 3 2
5
4 3 2
5
4 3 2
5
4 3 2
5
4 3 2
5 4 3 2 1
5 4 3 2 1
5 4 3 2
5 4 3 2

1
1
1
1
1
1

METALLURGY
1. Introduction to Physical Metallurgy
2. Materials Testing and Heat Treatment
3. Metallography
4. Non-Destructive Testing
5 • Failure Analysis

5
4
5
4
5 ^ 3
5
4
5
4

1
1

SAFETY
1. Occupational Safety and Accident Prevention
2. Laws and Regulation
3* Vibration and Noise Control
4. Toxicology
5 • The Management of Occupational Safety

5
4 3 2 1
5
4 3 2 1
5 4 3 2 1
5 4 3 2 1
5.4 3 2 1

SCIENCE
1. Physics (3 courses)
2. Statics
3* Dynamics
4. Chemistry (3 courses)
5. Chemistry of Plastics

5
4
5
4
5 4 3
5
^
5
4

3
3
2
3
3

2
2
1
2
2

TECHNICAL RELATED
1. Machine Shop
2. Principles of Fluid Power
3. Introduction to Plastics Technology

5
5
5

3
3
3

2 1
2 1
2 1

WRITING
1. Basic Grammar
2. Technical Report Writing
3. Research Paper Writing

5
4 3 2 1
5 4 3 2 1
5
4 3 2 1

4
4
4

3
3
2
3
3

1
1

2
2
1
2
2

1
1

1
1
1
1

Note: If you would like a synopsis of this study, please fill in name
and address below.
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Appendix C
Computer Program
•Data Analysis
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10
20
30
40

REM PROGRAM NAME DATA
REM WRITTEN BY MARK A. CURTIS
LPRINTTAB(lO);"THIS DATA SHEET STATES THE STATISTICAL RELIABILITY"
LPRINTTAB(IO) j " O F THE RAW DATA RECEIVED FOR THE COURSE:"

50 INPUT"TYPE IN COURSE NAME";A$
60 PRINT SPRINT
70 LPRINTTAB(W)CHR$(2?) ;CHR$(14) ;A$
80 INPUT"ENTER EDUC. RESPONSE, 5S";B
90 INPUT"ENTER 4S";C
100 INPUT"ENTER 3S";D
110 INPUT"ENTER 2S";E
120 INPUT"ENTER 1S";F
130 LET G=(B*5)+(C*4)+(D*3)+(E*2)+F
140 PRINT:PRINT:PRINT
150 LPRINTTAB(lO)5nTOTAL EDUCATOR RATING POINTS =";G
160 LET H=G/245
170 LPRINTTAB(IO);"PERCENT OF POSSIBLE POINTS =";H
180 LET SE=SQR((H*(l-H))/49)
190 LPRINTTAB(IO); "STANDARD ERROR ="5SE
200 LET SR=2*SE
210 LPRINTTAB(lO) 5"RELIABILITY AT %% CONFIDENCE = + OR -";SR
220 LET LR=H-SR
230 LPRINTTAB(IO) 5"LOWEST POSSIBLE EDUCATOR RATING =";LR
240 PRINTSPRINT
250 lprinttab(io) ; " = = = = = = = = = = = = — ■
=»
260 PRINT"NOW ENTER INDUSTRY RESPONSE INFO"
270 INPUT"ENTER IND., 5S"jI
280 INPUT"ENTER 4S"}J
290 INPUT"ENTER 3S"?K
300 INPUT"ENTER 2S";L
310 INPUT"ENTER IS" ;M
320 LET N=(I*5)+(J*4)+(K*3)+(L*2)-IM
330 PRINTsPRINT
340 LPRINTTAB( 10)|;"TOTAL INDUSTRY RATING POINTS =";N
350 LET 0=^1/485
360 LPRINTTAB(lO) 5"PERCENT OF POSSIBLE POINTS ="{0
370 LET PE=SQR((0*(l-0))/97)
380 LPRINTTAB( 10) 5"STANDARD ERROR =";PE
390 LET QR=2*PE
400 LPRINTTAB (10) |"RELIABILITYAT %% CONFIDENCE = + OR -";QR
410 LET TR =0-QR
420 LPRINTTAB(lO);"LOWEST POSSIBLE INDUSTRY RATING =";TR
430 PRINTsPRINT
440 LPRINTTAB( 10) ;"======================== ==="
450 PRINT "NOW ENTER COMBINED RESPONSES"
460 INPUT"ENTER COMB. , 5S";U
470 INPUT"ENTER, 4S";V
480 INPUT"ENTER, 3S";W
490 INPUT"ENTER, 2S";X
500 INPUT"ENTER, 1S":Y
510 LET Z=(U*5)+(V*4)+(W*3)+(X*2)+Y
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520
530
540
550
560
570
580
590
600
610
620

PRINTsPRINT
IPRINTTAB(10){"TOTAL SURVEY RATING POINTS =";Z
LET AA=Z/?30
LPRINTTAB(lO); "PERCENT OF TOTAL SURVEY POINTS =";AA
LET BB=SQR((AA*(l-AAj)/lA£)
LPRINTTAB(lO) {"STANDARD FciROR ="5BB
LET.CC=2*BB
LPRINTTAB(lO) {"RELIABILITY AT %% CONFIDENCE = + OR -";CC
DD=sAA-CC
LPRINTTAB(10){"LOWEST POSSIBLE COMBINED RATING ="DD
END

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

55

SAMPLE

p rin t o u t

THIS DATA SHEET STATES THE STATISTICAL RELIABILITY
OF THE RAW DATA RECEIVED FOR THE COURSES
PRINCIPLES OF ECONOMICS
TOTAL EDUCATOR RATING POINTS = 173
PERCENT OF POSSIBLE POINTS = .706123
STANDARD ERROR = .O650767
RELIABILITY. AT %% CONFIDENCE = + OR - .I3OI53
LOWEST POSSIBLE EDUCATOR RATING = .575969
TOTAL INDUSTRY RATING POINTS = 337
PERCENT OF POSSIBLE POINTS = .694846
STANDARD ERROR = .0467539
RELIABILITY AT %% CONFIDENCE = + OR - .0935079
LOWEST POSSIBLE INDUSTRY RATING = .601337
TOTAL SURVEY RATING POINTS =510
PERCENT OF TOTAL SURVEY POINTS = .69863
STANDARD ERROR = .037975
RELIABILITY AT %% CONFIDENCE = + OR - .0759499
LOWEST POSSIBLE COMBINED RATING = .62268
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